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(54) Rip-Chip Semiconductor device with test structure and method of manufacturing the same 

(57) A semiconductor device has a plurality of 
input/output terminals (102) formed on the inner region 
(1a) on a semiconductor substrate (1), and a plurality of 
die testing terminals (101) formed on the peripheral 
region (1b) on the semiconductor substrate, and the 
input/output terminals (102) and the die testing termi- 
nals (101) are connected to each other by a metal wiring 
layer (103). Die testing is performed by bringing probes 
projecting from a probe card into contact with the plural- 
ity of die testing terminals (101). 
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Description 

The present invention relates to a semiconductor 
device with a flip-chip structure, in which semiconductor 
elements (chips) are connected to a circuit board via s 
protruding electrodes such as solder bumps, and a 
method of manufacturing the same. 

Conventionally, in order to mount semiconductor 
elements on a circuit board, the following methods are 
used. That is, the distal ends of a plurality of lead lines 10 
extending from each semiconductor element (to be 
referred to as a chip hereinafter) are electrically con- 
nected to a wiring or interconnect pattern on a circuit 
board, or a chip is mounted on a circuit board and is 
electrically connected thereto by wire bonding, TAB is 
(Tape Automated Bonding), or the like. 

However, in the former method in which lead lines 
are extended from the chip and are connected to the cir- 
cuit board, the interval between adjacent bumps is lim- 
ited, thus posing a serious bottleneck against realization 20 
of high packaging density of semiconductor devices. 

Especially, in recent years, semiconductor devices 
are used in a variety of applications, and their packag- 
ing densities are increasing. For example, a low-profile 
circuit board such as a memory card is often used, and 25 
the number of memory elements to be mounted is on 
the rise. 

Under such circumstances, packaging chips using 
lead lines has limitations. 

In view of this problem, a flip-chip structure has 30 
received a lot of attention. In this structure, bumps are 
attached to a plurality of connection electrodes (pads) 
formed on a chip, and are directly connected to the wir- 
ing pattern on the circuit board. 

FIG. 1 is a sectional view of a conventional semi- 35 
conductor device in which a chip consisting of a silicon 
semiconductor is mounted on a circuit board by flip-chip 
bonding. FIG. 2 is a plan view showing the major sur- 
face of a semiconductor substrate, that has bumps, and 
FIG. 3 is a sectional view showing the structure of 40 
input/output terminals having bumps. 

A semiconductor substrate 1 comprises pad elec- 
trodes 7 and bumps 3. Each pad electrode 7 is used as 
a pad electrically connected to an internal integrated cir- 
cuit on the major surface of the semiconductor sub- 45 
strate 1, and consists of, e.g., aluminum. 

Each bump 3 is connected on the pad electrode 7, 
is made up of a low-melting point metal solder bump 
containing lead (Pb), tin (Sb), and the like as major com- 
ponents, and has a height of about 100 inn. so 

Each input/output terminal 10 formed on the major 
surface of the conventional semiconductor substrate 1 
shown in FIG. 2 comprises a bump 3 and a pad elec- 
trode 7, as shown in FIG. 3 (to be explained later) and a 
barrier metal 9 is normally interposed between the ss 
bump 3 and the pad electrode 7. 

At least one chip is mounted on a circuit board 2. A 
plurality of bumps 3 on the semiconductor substrate 1 
are electrically connected to pad electrodes (to be 



referred to as substrate pads hereinafter) 8 connected 
to a wiring pattern (not shown) formed on the surface of 
the circuit board 2, thus mounting the semiconductor 
substrate 1 on the circuit board 2. 

Each bump 3 may use gold in addition to the low- 
melting point metals, or may also use a structure pre- 
pared by forming a conductive layer on the surface of a 
spherical insulating member. As the low-melting metals, 
Pb-Sn solder, In-Sn solder, and the like are known. 

As the circuit board 2, a printed board prepared by 
stacking glass base members impregnated with an 
epoxy resin, a ceramic board, a silicon semiconductor 
board, and the like are used. Also, an encapsulating 
resin may be filled between the semiconductor sub- 
strate 1 and the circuit board 2. 

The major surface of the semiconductor substrate 1 
is divided into an inner region 1 a and a peripheral region 
1 b. On the inner region 1 a, an integrated circuit 20 as an 
internal circuit formed inside the semiconductor sub- 
strate 1 is formed. An input/output circuit 1 1 is formed 
on that region of the peripheral region 1b, which is in the 
vicinity of the inner region 1a, and the input/output ter- 
minals 10 are electrically connected to the integrated 
circuit 20 via the input/output circuit 11. 

The bump structure on the semiconductor sub- 
strate is as shown in FIG. 3. That is. a pad 7 of, e.g., alu- 
minum, which is electrically connected to the integrated 
circuit formed inside the semiconductor substrate, is 
formed on an insulating film 4 formed on the surface of 
the semiconductor substrate 1 . The surrounding portion 
of the pad 7 is protected by an insulating film 5 of, e.g., 
Si0 2 . 

An opening portion or via hole 5a of the insulating 
film 5 is formed on the surface of the pad 7 to expose 
the pad 7 therefrom. This opening portion 5a is covered 
by a barrier metal 9, which is electrically connected to 
the pad 7. A bump 3 is attached on the barrier metal 9. 
The barrier metal 9 consists of, e.g., Pd/Ni/Ti, TiW, 
Ti/Ti/W, or the like. 

As described above, the input/output terminals of 
the conventional semiconductor device with the TAB or 
flip-chip structure are formed on the peripheral region 
along the outer edge of the semiconductor substrate. 

Defect discrimination of an integrated circuit in the 
chip or wafer state (to be referred to as die testing here- 
inafter) is done by electrical tests by bringing probes 6 
projecting from a probe card 12 into contact with the 
bumps 3 on the input/output terminals 10, as shown in 
FIG. 4. 

However, in recent years, semiconductor devices 
having the same functions as those of conventional 
ones can be realized in smaller sizes along with 
advance of the micropatterning techniques of elements, 
while it has become harder to decrease the pitch of 
input/output terminals due to limitations traced to the 
interconnection techniques. 

As a consequence, the number of input/output ter- 
minals formed on the outer peripheral portion of the 
semiconductor substrate is insufficient, and a structure 
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in which a plurality of input/output terminals are 
arranged on the entire major surface of the semicon- 
ductor substrate 1 is proposed, as shown in FIG. 5. The 
input/output terminals of a chip are arranged on the 
inner region where the integrated circuit is formed, and 
the peripheral region of the major surface of the semi- 
conductor substrate 1 . 

However, the chip with such structure suffers the 
following problem. 

That is, die testing is conducted using the probes 
projecting from the conventional probe card, but the 
probes cannot be simultaneously in contact with all the 
plurality of input/output terminals on the entire major 
surface. 

In order to solve this problem, a probe card that can 
set a plurality of probes on the entire major surface of 
the semiconductor substrate is required. When a probe 
card with such structure is used, it is very hard to attain 
alignment between a plurality of bumps on the input/out- 
put terminals of the semiconductor substrate and the 
plurality of probes, thus posing another problem. 

The present invention has been made in considera- 
tion of the above situation, and has as its object to pro- 
vide a semiconductor device which comprises die 
testing terminals and input/output terminals with a struc- 
ture that allow easy die testing even by a conventional 
probe card using probes, and a method of manufactur- 
ing the same. 

In order to achieve the above object, a semiconduc- 
tor device according to the present invention comprises: 

a semiconductor substrate; 
an input/output terminal portion formed on the sem- 
iconductor substrate, the input/output terminal por- 
tion having a plurality of input/output terminals 
formed on an inner region on the semiconductor 
substrate, and a plurality of die testing terminals 
formed on a peripheral region on the semiconduc- 
tor substrate; and 

a metal wiring layer for connecting the input/output 
terminals and the die testing terminals. 

Also, a method of manufacturing a semiconductor 
device according to the present invention, comprises 
the steps of: 

forming a multilayered wiring structure on a semi- 
conductor substrate; 

forming a plurality of pads by patterning an upper- 
most metal wiring layer of the multilayered wiring 
structure by lithography and etching; 
coating the uppermost metal wiring layer with a pro- 
tection insulating film while leaving opening por- 
tions from which surfaces of the pads are exposed; 
forming a conductive anti-etching protection film on 
the exposed pads by lithography and etching; 
forming a barrier metal formation metal film on the 
protection insulating film including the anti-etching 
protection film; 



forming bumps on the pads on an inner region on 
the semiconductor substrate via the anti-etching 
protection film and the barrier metal formation metal 
film; 

5 forming input/output terminals on the inner region 

on the semiconductor substrate by forming barrier 
metals between the bumps and the anti-etching 
protection film by patterning the barrier metal for- 
mation metal film; and 

10 forming die testing terminals by removing the bar- 
rier metal formation metal film after the step of form- 
ing the barrier metal formation metal film on the 
pads on an external region on the semiconductor 
substrate and the anti-etching protection film. 

15 

Furthermore, a method of manufacturing a semi- 
conductor device according to the present invention, 
comprises the steps of: 

20 forming a multilayered wiring structure on a semi- 
conductor substrate; 

forming a conductive anti-etching protection film on 
an uppermost metal layer of the multilayered wiring 
structure; 

25 forming a plurality of pads coated with the anti-etch- 
ing protection film by simultaneously patterning the 
metal wiring layer and the anti-etching protection 
f ilm by lithography and etching; 
coating the uppermost metal wiring layer with a pro- 

so tection insulating film while leaving opening por- 
tions from which the anti-etching protection film 
portions on the pads are exposed; 
forming a barrier metal formation metal film on the 
protection insulating film including the anti-etching 

35 protection film; 

forming bumps on the pads on an inner region on 
the semiconductor substrate via the anti-etching 
protection film and the barrier metal formation metal 
film; 

40 forming input/output terminals on the inner region 
on the semiconductor substrate by forming barrier 
metals between the bumps and the anti-etching 
protection film by patterning the barrier metal for- 
mation metal film; and 

45 forming die testing terminals by removing the bar- 
rier metal formation metal film after the step of form- 
ing the barrier metal formation metal film on the 
pads on an external region on the semiconductor 
substrate and the anti-etching protection film. 

50 

With this arrangement, according to the semicon- 
ductor device and its manufacturing method of the 
present invention, easy die testing can be attained even 
using a conventional probe card. 
55 On the semiconductor substrate, both the die test- 
ing terminals having no bumps and the connection 
input/output terminals formed with bumps are present. 
Since the input/output terminal portion is made up of 
wiring lines consisting of, e.g., aluminum, and bumps 
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formed thereon, the barrier metal for preventing metals 
from diffusing is interposed between the bump and the 
aluminum wiring line. 

The anti-etching protection film protects aluminum 
wiring lines of the die testing terminal portion from dis- s 
solving upon removal of the barrier metal by etching. 
Also, the anti-etching protection film protects metal wir- 
ing lines from mechanical damage upon die testing. 

The above-mentioned problem upon alignment 
between the plurality of bumps on the input/output ter- 
minals of the semiconductor substrate and the plurality 
of probes can be solved. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a sectional view showing the structure of a 
conventional semiconductor device mounted on a 
circuit board; 

FIG. 2 is a plan view of the conventional semicon- 
ductor device mounted on the circuit board; 
FIG. 3 is a sectional view of the input/output termi- 
nals of the conventional semiconductor device; 
FIG. 4 is a sectional view showing the manner die 
testing is conducted for the input/output terminals of 
the conventional semiconductor device; 
FIG. 5 is a plan view of a semiconductor substrate 
with a plurality of input/output terminals of a con- 
ventional semiconductor device; 
FIG. 6 is a plan view of a semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 7 is a sectional view showing the structure of 
die testing terminals and input/output terminals of 
the input/output terminal portion of the semicon- 
ductor device shown in FIG. 6; 
FIG. 8 is a sectional view showing one manufactur- 
ing process of the semiconductor device shown in 
FIG. 6; 

FIG. 9 is a sectional view showing one manufactur- 
ing process of the semiconductor device that fol- 
lows FIG. 8; 

FIG. 10 is a sectional view showing one manufac- 
turing process of the semiconductor device that fol- 
lows FIG. 9; 

FIG. 11 is a sectional view showing one manufac- 
turing process of the semiconductor device that fol- 
lows FIG. 10; 

FIG. 12 is a sectional view showing one manufac- 
turing process of a semiconductor device according 
to the second embodiment of the present invention; 
FIG. 13 is a sectional view showing one manufac- 
turing process of the semiconductor device that fol- 
lows FIG. 12; 

FIG. 14 is a sectional view showing one manufac- 
turing process of the semiconductor device that fol- 
lows FIG. 13; 

FIG. 15 is a sectional view showing one manufac- 
turing process of the semiconductor device that fol- 



lows FIG. 14; 

FIG. 16 is a sectional view showing the structure of 
die testing terminals and input/output terminals of 
the input/output terminal portion of a semiconduc- 
tor device according to still another embodiment of 
the present invention having a multilayered wiring 
structure; 

FIG. 17 is a plan view of a semiconductor device 
according to the third embodiment of the present 
invention; and 

FIG. 18 is a plan view of a semiconductor device 
according to the fourth embodiment of the present 
invention. 

FIG. 6 is a plan view of a semiconductor device 
according to the first embodiment of the present inven- 
tion, and FIG. 7 shows the sectional structure of die 
testing terminals 101 and input/output terminals 102 of 
the semiconductor device shown in FIG. 6. 

The major surface of a semiconductor substrate 1 
is divided into an inner region 1a which includes an inte- 
grated circuit, and is formed with the input/output termi- 
nals 102, and a peripheral region 1b formed with 
input/output circuits 11 and the die testing terminals 
101. 

The input/output circuits 1 1 are arranged between 
the die testing terminals 101 and the input/output termi- 
nals 102. 

The die testing terminals 101 and the input/output 
terminals 102 consist of a plurality of metal wiring lines, 
and are electrically connected to each other via a con- 
nection wiring layer below these metal wiring lines. 

Bumps 3 have a thickness of 100 jim, and are 
made up of low-melting point solder containing lead, tin, 
and the like. 

FIG. 7 is a sectional view of the semiconductor sub- 
strate showing the internal structure of the input/output 
terminals 102. The major surface of, e.g., an n-type sili- 
con semiconductor substrate 1 is coated with an insulat- 
ing film 14 such as a thermal oxide film. 

For example, a second aluminum wiring layer 15 is 
formed on the insulating film 14. The aluminum wiring 
layer 15 is electrically connected to, e.g., a p-type impu- 
rity doped region 13 formed in an element region of the 
surface region of the semiconductor substrate 1 via an 
opening portion or window formed in the insulating film 
14. 

The second aluminum wiring layer 15 is coated with 
an insulating interlayer 4 of, e.g., CVD Si0 2 . A third alu- 
minum wiring layer that serves as pads 7 is formed on 
the insulating interlayer 4. A conductive anti-etching 
protection film 16 is formed on the entire surface of the 
third aluminum wiring layer. The pads 7 of both the die 
testing terminals 101 and input/output terminals 102 are 
electrically connected to the second aluminum wiring 
layer 15 via opening portions 4a and 4b formed in the 
insulating interlayer 4. 

Accordingly, the die testing terminals 101 and the 
input/output terminals 102 are electrically connected to 
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each other. The pads 7 made up of the third aluminum 
wiring layer are coated with an Si0 2 protection insulat- 
ing film 5 via the anti-etching protection film 16. 

Opening portions 5a and 5b are formed in the pro- 
tection insulating film 5 in correspondence with the die 
testing terminals 101 and input/output terminals 102. In 
each die testing terminal 101, the anti-etching protec- 
tion film 16 is exposed. In each input/output terminal 
102, a barrier metal 9 is formed on the anti-etching pro- 
tection film 16, and a bump 3 is formed on the barrier 
metal 9. 

As described above, no bump is attached to the die 
testing terminal 101, and a bump is attached to the 
input/output terminal 102. 

In this manner, the die testing terminals 101 having 
no bumps for tests, and the input/output terminals 102 
formed with bumps for connection are present on the 
semiconductor substrate, and they constitute a single 
input/output terminal portion. 

Since each input/output terminal 102 is made up of 
a wiring line of, e.g., aluminum, and the bump 3 formed 
thereon, the barrier metal 9 for preventing metals from 
diffusing is interposed between the bump and the alumi- 
num wiring line. 

On the other hand, each die testing terminal 101 
consists of an aluminum wiring line alone, and the bar- 
rier metal 9 formed on the entire major surface of the 
semiconductor substrate must be removed by a barrier 
metal etching solution. Therefore, the anti-etching pro- 
tection film 16 protects the aluminum wiring lines of the 
die testing terminals 101 from dissolving upon removal 
of the barrier metal by etching. 

Also, the anti-etching protection film 1 6 protects the 
aluminum wiring lines from mechanical damage upon 
die testing. 

Since the die testing terminals 101 are arranged on 
the peripheral region of the semiconductor substrate 1 , 
a conventional probe card can be effectively used upon 
die testing. 

An embodiment of a method of manufacturing a 
semiconductor device according to the present inven- 
tion will be explained below with reference to FIGS. 8 to 
12. 

FIG. 8 does not illustrate metal wiring lines (second 
aluminum wiring layer) for electrically connecting the die 
testing terminals 101 and the input/output terminals 102 
for the sake of simplicity. 

An aluminum metal film having a thickness of about 
500 nm formed on an insulating film 4 of, e.g., Si0 2 that 
covers a semiconductor substrate 1 is patterned to 
form, e.g., a third aluminum wiring layer. 

Predetermined portions of this aluminum wiring 
layer are used as pads 7 having a nearly square shape. 

The insulating film 4 and the third aluminum wiring 
layer serving as the pads 7 are coated with a protection 
insulating film 5 of, e.g.. Si0 2 . The protection insulating 
film 5 is patterned to form opening portions 5a from 
which the pads 7 are exposed. 

Subsequently, as shown in FIG. 9, an anti-etching 



protection film 16 is formed on the exposed pads 17. 
The anti-etching protection film 16 consists of. e.g., tita- 
nium nitride (TiN), and has a thickness of about 50 nm. 
The thickness of the anti-etching protection film 16 

5 must be larger than 30 nm, and is effective within the 
range from about 30 nm to 50 nm in terms of mechani- 
cal strength. The anti-etching protection film may prop- 
erly use other nitrides such as TiSiN and the like in 
addition to TiN. 

10 As shown in FIG. 10, a barrier metal formation 
metal film 9 is formed on the insulating film 5 including 
the anti-etching protection film 16. As the input/output 
terminals 102 formed on the inner region of the semi- 
conductor substrate 1 . bumps 3 are formed on the pads 

is 7 via the anti-etching protection film 16 and the barrier 
metal formation metal film 9. 

Subsequently, as shown in FIG. 11, the barrier 
metal formation metal film is patterned to form a barrier 
metal 9 between the bump 3 and the anti-etching pro- 

20 tection film 16 of each input/output terminal 102. On the 
other hand, the barrier metal formation metal film on the 
die testing terminals 1 01 is removed. In this manner, the 
die testing terminals 101 having no bumps are formed 
on a peripheral region 1b of the semiconductor sub- 

25 strate 1, and the input/output terminals 102 with the 
bumps 3 are formed on an inner region 1a of the sub- 
strate 1. 

Trie barrier metal formation metal film consists of, 
e.g., Ti/TiW; the thickness of Ti is 100 nm. and the thick- 
30 ness of TiW, 500 nm. A barrier metal etching solution 
(etchant) used for patterning this metal film includes, 
e.g. f a mixed acid of HCI-HNO3-CH3COOH, diluted HF, 
and the like. As the barrier metal, Pd/Ni/Ti, TiW, and the 
like may be used in addition to the above-mentioned 
35 material. The anti-etching protection film made up of a 
metal nitride film such as TiN, TiSiN, or the like has a 
high resistance against such barrier metal etching solu- 
tions. If the barrier metal consists of Pd/Ni/Ti, it is etched 
by a mixed acid of HCI-HNO3-CH3COOH. Ti by diluted 
40 HF, and TiW by diluted HF. 

Since each Die testing terminal 101 is made up of 
an aluminum wiring layer alone that serves as the pad 7 
and is coated with the anti-etching protection film 16, 
and has no bump, the barrier metal formation metal film 
45 formed on the entire major surface of the semiconductor 
substrate is removed by the barrier metal etching solu- 
tion. In this case, the anti-etching protection film 16 pro- 
tects the aluminum wiring layer of the die testing 
terminals 101 from dissolving upon removal of the bar- 
so rier metal 9 by etching. 

A method of manufacturing a semiconductor device 
according to the second embodiment of the present 
invention will be described below with reference to 
FIGS. 12 to 15. 
55 FIG. 12 does not illustrate metal wiring lines (sec- 
ond aluminum wiring layer) for electrically connecting 
the die testing terminals 101 and the input/output termi- 
nals 102 for the sake of simplicity. 

An aluminum metal film having a thickness of about 
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800 nm and a TiN film formed on an insulating film 4 of, 
e.g., Si0 2 that covers a semiconductor substrate 1 are 
patterned to form, e.g., a third aluminum wiring layer 
coated with an anti-etching protection film 16 having a 
thickness of about 100 nm. 

Predetermined portions of this aluminum wiring 
layer are used as pads 7 each having a nearly square 
shape. 

Subsequently, as shown in FIG. 13, the insulating 
film 4 and the third aluminum wiring layer thereon are 
coated with a protection insulating film 5 of, e.g., Si0 2 - 
The insulating film 5 is patterned to form opening por- 
tions 5a from which the anti-etching protection film por- 
tions 16 on the pads 7 are exposed. 

As shown in FIG. 14, a barrier metal formation 
metal film serving as a barrier metal 9 is formed on the 
anti-etching protection film 16 and the insulating film 5. 
On the pad 7 of each input/output terminal 102 formed 
on the inner region 1a of the semiconductor substrate 1 , 
a bump 3 is formed via the anti-etching protection film 
16 and the barrier metal formation metal film. 

The barrier metal formation metal film is patterned 
to form a barrier metal 9 between the bump 3 of each 
input/output terminal 102 and the anti-etching protec- 
tion film 16, arid the barrier metal formation metal film 
on the die testing terminals 101 is removed. 

In this manner, the die testing terminals 101 having 
no bumps are formed on a peripheral region 1b of the 
semiconductor substrate 1 , and the input/output termi- 
nals 102 with the bumps 3 are formed on an inner 
region 1a of the substrate 1. 

The barrier metal formation metal film consists of, 
e.g., Ti/TiW; the thickness of Ti is 100 nm and the thick- 
ness of TiW, 500 nm. As a barrier metal etching solution 
(etchant) used for patterning this metal film, diluted HF 
is used. 

Since each Die testing terminal 101 is made up of 
an aluminum wiring layer alone which is coated with the 
anti-etching protection film 16, and has no bump, the 
barrier metal formation metal film formed on the entire 
major surface of the semiconductor substrate must be 
removed by the barrier metal etching solution. 

The anti-etching protection film 16 protects the alu- 
minum wiring layer of the die testing terminals 101 from 
dissolving upon removal of the barrier metal 9 by etch- 
ing. 

The above-mentioned arrangement of the semicon- 
ductor device according to the first embodiment of the 
present invention shown in FIG. 7 uses the first alumi- 
num wiring layer 15 on the substrate 1 as a first metal 
wiring layer, and the third aluminum wiring layer serving 
as the pads 7 as a second metal wiring layer. However, 
the present invention is not limited to this. For example, 
in another multilevel interconnect architecture, as 
shown in FIG. 16, an aluminum wiring layer 21 to be 
connected to a p-type impurity doped region 13 formed 
in an element region of the surface region of the sub- 
strate 1, may be additionally formed and may be used 
as a third metal wiring layer. 



The third embodiment of the present invention will 
be described below with reference to FIG. 17. 

FIG. 17 is a plan view showing the arrangement in 
which a plurality of input/output terminals 102 are 

5 arranged on the major surface of a semiconductor sub- 
strate 1 formed with a semiconductor device. 

Die testing terminals 101 and input/output circuits 
1 1 are formed on the semiconductor substrate 1 . The 
major surface of the semiconductor substrate 1 is 

io divided into an inner region 1a formed with an inte- 
grated circuit, and a peripheral region 1b formed with 
the input/output circuits 11. 

The input/output circuits 1 1 are arranged between 
the die testing terminals 101 and input/output terminals 

15 102. An input/output terminal portion includes the die 
testing terminals 101 for testing, which are formed on 
the peripheral region 1 b and have no bumps, and the 
input/output terminals 102 for connection, which are 
formed on the inner region 1a and have bumps. The die 

20 testing terminals 101 and the input/output terminals 102 
are electrically connected to each other by a metal wir- 
ing layer 1 03 below the metal wiring layers that make up 
these terminals. 

The semiconductor substrate 1 has a substantially 

25 square shape. Also, the shape of each input/output ter- 
minal 102 is square. 

In the first embodiment shown in FIG. 6, the 
input/output terminals 102 are arranged so that their 
arbitrary sides extend parallel to the sides of the semi- 

30 conductor substrate 1. However, in the embodiment 
shown in FIG. 17, the input/output terminals 102 are 
arranged so that a central line parallel to two opposing 
sides of each input/output terminal 102 extends parallel 
to one diagonal line of the semiconductor substrate 1 . 

35 When the input/output terminals 102 are arranged 
in this manner, wiring of a connection means that con- 
nects the die testing terminals 101 and the input/output 
terminals 102 can be easily attained. 

The fourth embodiment of the present invention will 

40 be explained below with reference to FIG. 1 8. 

FIG. 18 is a plan view showing the structure of 
input/output terminals on the major surface of a semi- 
conductor substrate formed with a semiconductor 
device. 

45 The major surface of a semiconductor substrate 1 
is divided into an inner region 1a which is formed with 
an integrated circuit and a plurality of input/output termi- 
nals 1 02 are arranged, and a peripheral region 1 b which 
is formed with inpuVoutput circuits 1 1 and die testing 

so terminals 101. 

The input/output circuits 1 1 are arranged between 
the die testing terminals 101 and the input/output termi- 
nals 102. 

An input/output terminal portion includes the die 
55 testing terminals 101 for testing, which are formed on 
the peripheral region 1b and have no bumps, and the 
input/output terminals 102 for connection, which are 
formed on the inner region 1a and have bumps. 

The die testing terminals 101 and the input/output 
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terminals 102 are electrically connected to each other 
by a metal wiring layer 103 below the metal wiring layers 
that make up these terminals. 

The semiconductor substrate 1 has a substantially 
square shape. Also, the shape of each input/output ter- 5 
minal 102 is square. In this embodiment, the input/out- 
put terminals 102 are arranged so that a central line 
parallel to two opposing sides of each input/output ter- 
minal 102 extends parallel to one diagonal line of the 
semiconductor substrate 1. With this arrangement, wir- 10 
ing of a connection means that connects the die testing 
terminals 101 and the input/output terminals 102 can be 
easily attained. 

This embodiment exemplifies a case wherein some 
of the die testing terminals 101 on the peripheral region is 
1b to be connected in correspondence with the connec- 
tion input/output terminals 102 which are arranged on 
the inner region 1 a and are formed with bumps are omit- 
ted. 

This semiconductor substrate 1 incorporates a 20 
scan circuit, and specific die testing terminals 1 01 alone 
need only be subjected to die testing using a shift regis- 
ter. For this reason, probes need not be brought into 
contact with all the die testing terminals. 

With the above-mentioned arrangement, die testing 25 
can be easily performed even using a conventional 
probe card. 

Claims 

30 

1 . A semiconductor device comprising: 

a semiconductor substrate (1); 
an input/output terminal portion formed on said 
semiconductor substrate, said input/output ter- 35 
minal portion having a plurality of input/output 
terminals (102) formed on an inner region (1a) 
on said semiconductor substrate, and a plural- 
ity of die testing terminals (101) formed on a 
peripheral region (1b) on said semiconductor 40 
substrate; and 

a metal wiring layer (103) for connecting said 
inpuVoutput terminals and said die testing ter- 
minals. 

45 

2. A device according to claim 1 , characterized in that 
input/output circuits are arranged along sides of 
said semiconductor substrate on the peripheral 
region of said semiconductor substrate, and said 
plurality of die testing terminals are respectively so 
arranged between said input/output circuits (11) 
and the sides of said semiconductor substrate. 

3. A device according to claim 1 , characterized in that 
said plurality of input/output terminals formed on ss 
the inner region on said semiconductor substrate 
are arranged at substantially equal intervals. 

4. A device according to claim 1 , characterized in that 



each of said plurality of input/output terminals has a 
substantially square distal end, and a central line 
parallel to two opposing sides of the distal end is 
inclined at about 45° with respect to an arbitrary 
side of said semiconductor substrate. 

5. A device according to claim 1 , characterized in that 
a muttilayered wiring structure is formed on said 
semiconductor substrate, said metal wiring layer for 
electrically connecting said input/output terminals 
and said die testing terminals uses an arbitrary wir- 
ing layer of said multi layered wiring structure, and 
said input/output terminals and said die testing ter- 
minals use wiring layers above the arbitrary wiring 
layer. 

6. A device according to claim 1 , characterized in that 
said input/output terminal portion formed on said 
semiconductor substrate further has a portion con- 
sisting of only input/output terminals excluding said 
die testing terminals. 

7. A device according to claim 1 , characterized in that 
said die testing terminals include a metal wiring 
layer (7) coated with a conductive anti-etching pro- 
tection film (16). 

8. A device according to claim 1 , characterized in that 
each of said input/output terminals is made up of an 
uppermost metal wiring layer (7) of a muttilayered 
wiring structure on said semiconductor substrate, a 
conductive anti-etching protection film that covers 
said metal wiring layer, a barrier metal (9) formed 
on said anti-etching protection film, and a bump (3) 
formed on said barrier metal. 

9. A device according to claim 8, characterized in that 
said anti-etching protection film has an anti-etching 
property higher than said barrier metal with respect 
to an etchant that etches said barrier metal. 

10. A method of manufacturing a semiconductor 
device, comprising the steps of: 

forming a muttilayered wiring structure on a 
semiconductor substrate (1); 
forming a plurality of pads by patterning an 
uppermost metal wiring layer (7) of said multi- 
layered wiring structure by lithography and 
etching; 

coating said uppermost metal wiring layer with 
a protection insulating film (5) while leaving 
opening portions from which surfaces of said 
pads are exposed; 

forming a conductive anti-etching protection 
film (16) on the exposed pads by lithography 
and etching; 

forming a barrier metal formation metal film (9) 
on said protection insulating film including said 
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anti-etching protection film; 
forming bumps (3) on said pads on an inner 
region (1a) on said semiconductor substrate 
via said anti-etching protection film and said 
barrier metal formation metal film; s 
forming input/output terminals (102) on the 
inner region on said semiconductor substrate 
by forming barrier metals between said bumps 
and said anti-etching protection film by pattern- 
ing said barrier metal formation metal film; and 10 
forming die testing terminals (101) by removing 
said barrier metal formation metal film after the 
step of forming said barrier metal formation 
metal film on said pads on an external region 
(1b) on said semiconductor substrate and said is 
anti-etching protection film. 



A method of manufacturing a semiconductor 
device, comprising the steps of: 



20 



forming a multilayered wiring structure on a 
semiconductor substrate (1); 
forming a conductive anti-etching protection 
film (16) on an uppermost metal layer (7) of 
said multilayered wiring structure; 2s 
forming a plurality of pads coated with said 
anti-etching protection film by simultaneously 
patterning said metal wiring layer and said anti- 
etching protection film by lithography and etch- 
ing; 30 
coating said uppermost metal wiring layer with 
a protection insulating film (5) while leaving 
opening portions from which the anti-etching 
protection film portions on said pads are <^ 
exposed; 35 
forming a barrier metal formation metal film (9) 
on said protection insulating film including said 
anti-etching protection film; 
forming bumps (3) on said pads on an inner 
region on said semiconductor substrate via 40 
said anti-etching protection film and said bar- 
rier metal formation metal film; 
forming input/output terminals (102) on the 
inner region on said semiconductor substrate 
by forming barrier metals between said bumps 45 
and said anti-etching protection film by pattern- 
ing said barrier metal formation metal film; and 
forming die testing terminals (101) by removing 
said barrier metal formation metal film after the 
step of forming said barrier meted formation so 
metal film on said pads on an external region 
(1b) on said semiconductor substrate and said 
anti-etching protection film. 
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